This report describes the associations of race/ethnicity and years of education with the validity, reliability, and bias of a self-administered food frequency questionnaire (FFQ) designed to be sensitive to low-fat, regional, and ethnic dietary patterns. Data were from the Women's Health Trial Feasibility Study in Minority Populations, a randomized clinical trial conducted between 1992 and 1994 to test the feasibility of a low-fat dietary intervention that targeted low-income, black, and Hispanic women. Of 1,015 participants eligible for these analyses, 28.1% were black, 16.2% were Hispanic, and 12.3% had not completed high school. The analyses focused on percentage of energy obtained from fat, and used 4-day food records as the criterion instrument. Validity at baseline, defined as the con-elation between FFQs and food records, was lower among blacks than among whites (0.26 vs. 0.49; p < 0.001), did not differ between Hispanics and whites, and was lower among women with fewer years of education (0.19, 0.35, 0.49, and 0.42 for <12, 12, 13-15, and >16 years of education, respectively; for trend, p < 0.05). Six months after randomization, validity increased in most race/ethnicity and education subgroups, and differences across groups became small and statistically nonsignificant. Validity increased significantly among participants receiving the dietary intervention, while increases among control women were somewhat smaller. Reliability, defined as the correlation between baseline and 6-month measures among controls, was similar across racial/ethnic and educational groups. Bias at baseline, defined as the mean value from the FFQ minus the mean from the food record, was 4.6 percentage points of energy from fat; it was lowest among blacks (p < 0.01) and did not differ by years of education. These results suggest that special protocols which address participant training may be necessary when using self-administered FFQs in minority or poorly educated populations. Am J Epidemiol 1997;146: 856-69. bias (epidemiology); diet records; minority groups; nutrition assessment; reproducibilrty of results Accurate assessment of dietary intake, when based on self-report in free-living populations, poses significant scientific challenges. All standard dietary assessment methods, including food diaries, dietary recalls, and list-type methods such as food frequency ques-
tionnaires, are subject to considerable error and bias, and none can be considered a criterion measure or "gold standard" (1) . Over the past decade, there has been considerable research on dietary assessment methods, with some resulting consensus on how these methods can be used optimally in different research designs. There has been very little research, however, on the comparability of these instruments across diverse racial/ethnic and socioeconomic groups. It is important to know whether and by how much the measurement characteristics of dietary assessment instruments differ by race/ethnicity and education, especially in research designed to address the etiology or prevention of disease in minority populations. It is also important to examine whether measurement characteristics change over the duration of a study, especially in clinical trials that test the effects of dietary change.
Here we report the measurement characteristics of the food frequency questionnaire (FFQ) used to assess nutrient intake and dietary change in the Women's Health Trial Feasibility Study in Minority Populations (FSMP). The FSMP was a randomized clinical trial conducted between 1992 and 1994 to examine the feasibility of designing future studies targeting black, Hispanic, and low socioeconomic status women to test low-fat, high-fruit and -vegetable diets for prevention of cardiovascular disease and cancer. In this report, we address whether an FFQ is similarly valid and reliable across groups classified by race/ethnicity and level of education. We further examine whether there are effects of study participation and dietary intervention on the validity of the FFQ over time.
MATERIALS AND METHODS
The design of the FSMP and participant baseline characteristics are described in detail elsewhere (2) . In brief, three clinical centers (Emory University in Atlanta, Georgia; the University of Alabama at Birmingham; and the University of Miami in Florida), a coordinating center (the Fred Hutchinson Cancer Research Center, Seattle, Washington), and two National Institutes of Health institutes (the National Cancer Institute and the National Heart, Lung, and Blood Institute) collaborated in this trial. Each clinical center had minority participant recruitment goals: 50 percent or more black women in Atlanta; 50 percent or more Hispanic women in Miami; and, in Birmingham, proportional representation of the local population, including blacks (29 percent) and women of low socioeconomic status (18 percent) , defined for the present study as having less than a high school education. In this report, we describe women who identified themselves as "white or Caucasian, not Hispanic" as whites, "black, not Hispanic" as blacks, and "Hispanic, black" or "Hispanic, white" as Hispanics. The 1,015 participants were aged 50-79 years, were postmenopausal, and obtained at least 36 percent of thenenergy from fat, as estimated from an FFQ administered during screening. Reasons for exclusion included a history of major chronic diseases, mental illness, obesity, and an inability to provide reliable dietary intake information.
Sixty percent of women were randomized to the dietary intervention group and 40 percent to the control group. The nutrition intervention goals of the FSMP were to reduce fat intake to 20 percent or less of total energy intake, to increase the number of servings of fruits and vegetables, and to reduce saturated fat intake. The intervention consisted of group sessions in which participants met weekly for 6 weeks, biweekly for 6 weeks, monthly for 9 months, and then quarterly. Each participant received a personal goal for fat intake based on her height and energy intake as estimated from the FFQ at baseline, which she monitored using a self-administered and -scored "fat scan."
Dietary assessment
The FSMP used two independent approaches to dietary assessment: self-administered, optically scanned FFQs, and 4-day food records. For this report, we used data from FFQs administered at three time points: screening (during recruitment but before participants were trained to complete food records), baseline (immediately after randomization but before intervention activities), and 6 months postrandomization. We used data from food records collected at baseline (after screening but before randomization and the baseline FFQ) and 6 months postrandomization.
Food frequency questionnaire. We based the FSMP FFQ on one used previously in the Women's Health Trial Vanguard Study (3), the full-scale Women's Health Trial (4) , and the Working Well Study (5) , to which we added fat-modified and regionally and culturally specific foods. The FSMP FFQ consisted of questions on 100 food items or food groups, with 19 introductory questions (e.g., "When you ate chicken, how often did you eat the skin?") and four summary questions (e.g., "How often did you eat fruit, not counting juices?") used to refine nutrient calculations. The nine categories of frequency responses for foods ranged from "never or less than once per month" to "two or more times per day," and the categories for beverages ranged from "never or less than once per month" to "six or more times per day." Portion size responses were "small," "medium," and "large," based on the medium portion size printed on the questionnaire. The time reference for all questions was "in the last 3 months." Both the nutrient database, from the University of Minnesota Nutrition Coordinating Center (6), and algorithms for FFQ analysis are described in detail elsewhere (7) . The nutrient database provides nutrient values for all foods, using imputed values where necessary to avoid assigning missing values, and the nutrient database for the FFQ was complete for all FFQ items. In this study, FFQs were printed as eight-page, machine-readable booklets in both English and Spanish. Instructions on completing the FFQ were limited to directions and examples printed on the questionnaire itself, with an additional single page distributed with the booklet.
Four-day food records. All participants received at least 30 minutes of instruction on how to maintain an accurate food record, including a 15-minute specially prepared videotape, 15 minutes of additional instruction from a study-certified nutritionist, and an instruction booklet. The food record form included a section for recording information on nutrient supplements, Am J Epidemiol Vol. 146, No. 10, 1997 types of cooking and table fats, and recipes. Participants maintained records on alternate days, usually beginning on the day after receiving the form. After completing the food record, participants met with diet technicians to review all information for accuracy and completeness. To reduce costs, we analyzed food records from a randomly selected cohort of 50 percent of participants, supplemented by an additional 20 6-month food records randomly selected from Hispanic controls. Neither clinic staff nor participants were aware of whether or not a food record would be selected for analysis. Specially trained and certified staff at the FSMP Statistical and Nutrition Coordinating Center coded food records using the University of Minnesota Nutrition Coordinating Center's Nutrient Data System, version 2.6 (food database 8a and nutrient database 23) (8) . The University of Minnesota Nutrition Coordinating Center independently coded a 5 percent random sample of food records for quality control.
Statistical methods
Because of the study design, in which we recruited Hispanics from the Miami clinic only, we could not combine data from all study centers and separate the effects of clinic from those of race/ethnicity. We therefore report contrasts of black versus white for participants from Atlanta and Birmingham combined, and contrasts of Hispanic versus white for participants from Miami only. Years of education were stratified as <12, 12, 13-15, and ^16 years, corresponding to less than high school, high school or its equivalent, some college or other technical training, and a college degree or more. We further stratified all 6-month results by treatment group. We excluded participants (5.9 percent at screening, 8.1 percent at baseline, and 7.8 percent at 6 months) who did not reasonably complete the FFQ, defined as those with total energy intake from the FFQ of <600 or >5,000 kcal. There were modest differences in the proportions of women excluded by these criteria across racial/ethnic groups (10 percent of both black and Hispanic women vs. 6 percent of white women) but not across education groups, and interpretation of study results did not differ when analyses included all FFQs. For analyses by race/ethnicity, we excluded the 1.1 percent of participants who could not be classified as black, Hispanic, or white. These participants were classified under Asian or Pacific Islander (n = 2), Native American (n = 1), other-unspecified (n = 3), missing (n = 1), or refused (n = 4). For analyses stratified by years of education, we excluded the 0.7 percent of participants with missing data. For reliability analyses, which did not require both FFQ and food record results, we analyzed all valid FFQs and all available food records. For analyses of changes in validity between baseline and 6-month follow-up, we restricted analyses to participants who had data from both food records and FFQs at both time points.
In this report, we focus on nutrient measures most important to the FSMP. The principal emphasis of dietary intervention in the FSMP was on reducing percentage of energy derived from total fat, with a secondary emphasis on promoting a generally healthful diet, including increasing the intake of nutrient-rich fruits and vegetables. This report therefore emphasizes results related to percentage of energy derived from fat, with some discussion of results related to saturated fat, vitamin C, /3-carotene, and a-tocopherol. We also report results for calcium, because it is a nutrient of concern to postmenopausal women. Expanded tables including data on additional nutrients are available from the authors upon request. For the screening FFQ, we present results for total energy and percentage of energy from fat only.
We define validity as the Pearson correlations of the screening and baseline FFQs with the baseline food records, and of the 6-month FFQ with the 6-month food record. Times between measures, in median number of days (and 5th-95th percentiles), were as follows: from screening FFQ to baseline food record, 27 (6-144); from baseline food record to baseline FFQ, 14 (7-51); and from 6-month FFQ to 6-month food record, 6 (-14 to 15). We recognize that the food record is not a "gold standard" measure of dietary intake, and we interpret these correlations as measures of convergent validity. We define reliability as the Pearson correlations between baseline and 6-month assessments in the control group only. Times between measures, in median number of days (with 5th-95th percentiles), were: from baseline FFQ to 6-month FFQ, 169 (124-207); and from baseline food record to 6-month food record, 181 (154-223). With the exception of measures of nutrient density (percentages of energy from total fat and saturated fat), data were log-transformed for normality. For percentages of energy obtained from fat and saturated fat, we present both unadjusted results and results adjusted for clinic and race/ethnicity or education. To control for race/ ethnicity and clinic simultaneously, we used five dummy variables to capture the six possible combinations. We also calculated energy-adjusted correlations. These were based on correlations between residuals from regression models predicting intake of each nutrient from total energy, following the method described by Willett (1).
We report results of statistical tests that examined whether there were differences in validity or reliability For education groups, we tested the a-priori contrasts of <12 years versus ^12 years, <12 years versus ^13 years, and the linear trend across the four education categories, using a p < 0.05 level of statistical significance adjusted for multiple contrasts by the Bonferroni method (9) . These statistical tests are based on z tests conducted after Fisher transformation of correlation coefficients (10) .
We generated spline plots, using SAS/Graph (11) with a smoothing parameter of 70, to show how the relation between percentage of energy from fat estimated by the FFQ and percentage estimated by the food record changed between baseline and 6 months' follow-up. We also calculated regression coefficients predicting food record results from the FFQ, controlled for education, race/ethnicity, and clinic. With the SAS Proc Mixed procedure (12), we tested changes in slopes between baseline and 6-month assessments using linear mixed models (13) that account for the within-person correlation of repeated measures.
We define bias as the mean of differences between percentage of energy from fat measured by the FFQ and percentage measured by the food record. This is a measure of the tendency of the FFQ to over-or underestimate nutrient intake in comparison with the food record. We used t tests and analysis of variance to examine whether there were differences in bias across racial/ethnic or educational groups. Table 1 gives demographic information for women who had complete data from the FFQs and food records at both the baseline visit and the 6-month follow-up visit. The demographic characteristics of the subsample of participants in these analyses did not differ from those of FSMP participants overall. The mean age of participants was 60.5 years; most had annual household incomes between $15,000 and $49,000, and over two thirds had more than a high school education. Loss to dietary follow-up at the Birmingham and Atlanta clinics was 9.5 percent and did not differ according to any demographic characteristic. In Miami, however, dietary assessment was only 44.1 percent complete among Hispanics and 62.6 percent complete among whites. Therefore, inferences based on 6-month results from Miami are weak and potentially biased due to low response. Table 2 gives results on the validity of the FFQ, stratified by race/ethnicity. At screening, correlations of percentage of energy obtained from fat between the FFQ and the food record were quite low, ranging from 0.15 among blacks to 0.34 among whites in Birmingham and Atlanta. The correlation was significantly larger among whites than among blacks, and though the difference was not statistically significant, it was also larger among whites than among Hispanics. These results from screening must be interpreted with caution, because only women with at least 36 percent of their energy obtained from fat were drafted into the study. The distribution of values from the FFQ was therefore truncated and the correlations were necessarily reduced. At baseline, correlations between the FFQ and the food record for percentage of energy derived from fat were higher, though they remained lower among blacks (0.26) than among whites (0.49) (p < 0.001) and were identical (0.35) for Hispanics and whites. At 6 months, however, there were only small, statistically nonsignificant differences in validity across racial/ethnic groups. In the intervention group, correlations ranged from 0.50 among whites in Birmingham and Atlanta to 0.68 among whites in Miami. In the control group, correlations among minority participants were still somewhat lower than those among whites, ranging from 0.48 among Hispanics to 0.61 among whites in Miami. Adjusting the correlations for education and clinic had little or no effect on these results.
RESULTS
Contrasts of FFQ validity by race/ethnicity for nutrient measures other than percentage of energy from fat were mixed. For percentage of energy derived from saturated fat, correlations at baseline were significantly lower for blacks compared with whites and for Hispanics compared with whites, but there were no differences at 6 months. For energy, total fat, saturated fat, /3-carotene, and a-tocopherol, there were no consistent or statistically significant differences across racial/ethnic groups. For vitamin C, the correlation at baseline among blacks was significantly lower than that among whites, but this pattern was not evident at 6 months. For calcium, correlations at 6 months in the intervention group were significantly lower among blacks than among whites, but there were no differences in the control group. Contrasts across racial/ ethnic groups based on energy-adjusted total fat and saturated fat were similar to those based on nutrient density, while contrasts across energy-adjusted micronutrients were similar to those based on unadjusted micronutrients. Table 3 gives results on the validity of the FFQ, stratified by years of education. At both screening and baseline, correlations for percentage of energy obtained from fat were larger with increasing years of education, although the trend was not strictly monotonic. At baseline, correlations ranged from 0.19 for participants with less than 12 years of education to 0.49 for those with 13-15 years of education, and the linear trend across education groups was statistically significant (p < 0.05). At 6 months, correlations for percentage of energy derived from fat among participants with less than 12 years of education were considerably higher than they were at baseline: 0.50 in the intervention group and 0.40 in the control group. However, 6-month correlations among participants with less than 12 years of education were still lower than those among participants with more education, though these differences were not statistically significant.
There was little evidence for an association of educational level with FFQ validity for nutrients other than percentage of energy derived from fat, with the exception of saturated fat. At baseline, there was a significant increase in correlations for percentage of energy from saturated fat with increasing education (p < 0.05). There were no clear trends in correlations for energy, vitamin C, /3-carotene, a-tocopherol, or calcium across education groups. At the 6-month follow-up visit, there was some suggestion that participants with less education had lower correlations for most nutrients than those better educated, but the numbers were small and the trends were inconsistent. With the exception of results for energy-adjusted total fat and saturated fat, energy adjustment tended to reduce the differences between participants across levels of education. Figure 1 shows the smoothed, spline plots of the relation between food record and FFQ percentage of energy from fat, stratified by intervention group. Among control women, the slope appears to increase modestly (closer to 1.0) from baseline to 6-month follow-up, while the increase in slope appears considerably larger among intervention women. In control women, the regression coefficient, adjusted for race/ ethnicity, clinic, and education, increased from 0.36 to 0.46 (p = 0.17), while in intervention women the regression coefficient increased from 0.33 to 0.51 (p < 0.001). These results, showing somewhat greater increases in slope among intervention women compared with control women, were similar across education groups and among Hispanics and whites in Miami. There were differences, however, between blacks and whites among participants from Atlanta and Birmingham (figure 2). Spline plots were similar at baseline and 6 months for all control participants and for white intervention participants, while the slopes increased for black intervention participants. Among control group women, regression coefficients increased from 0.34 to 0.48 in blacks and from 0.44 to 0.53 in whites (both nonsignificant). Among intervention group women, slopes were unchanged in whites (0.43) and increased from 0.26 to 0.60 in blacks (p < 0.01). Table 4 gives results on the reliability of the FFQ and the food record, stratified by race/ethnicity. For the FFQ, reliability for percentage of energy obtained from fat was relatively low, ranging from 0.37 among blacks to 0.51 among whites in Atlanta and Birmingham, and it did not differ by racial/ethnic group. For the food record, reliability was similar for blacks and whites in Atlanta and Birmingham (0.46 and 0.44, respectively), and there was no evidence that reliability differed between Hispanics and whites.
The reliability of FFQ measures of other nutrients tended to be higher than that for percentage of energy derived from fat. Reliabilities were similar between blacks and whites, with the exception of significantly lower reliability among blacks for percentage of energy derived from saturated fat. Comparing Hispanics with whites, reliability was lower among Hispanics for energy, saturated fat, and percentage of energy derived from saturated fat, and higher for vitamin C. For the food record, reliability tended to be somewhat higher among blacks than among whites for most measures, but was significantly higher for calcium only. Reliability was higher among Hispanics than among whites for vitamin C and was lower for percentage of energy derived from saturated fat. Adjustment for energy intake or education had little effect on these results. Table 5 gives results on the reliability of the FFQ and the food record, stratified by years of education. There was no suggestion from either the FFQ or the food record that correlations for percentage of energy derived from fat were lower among participants with less education. For the FFQ, the only significant differences associated with education were lower correlations for calcium and vitamin C among participants with less education. For the food record, reliability was higher among women with less than 12 years of education for percentage of energy from saturated fat and energy-adjusted saturated fat However, the trends across education levels were inconsistent for these measures, and it is likely that these findings were due to chance. Table 6 gives results on the bias in the FFQ estimate in comparison with food record measures of percentage of energy derived from fat, stratified by race/ ethnicity. At all time points and for all racial/ethnic groups, the FFQ overestimated percentage of energy derived from fat. At all time points, bias was significantly smaller among blacks than among whites, but bias was significantly higher among Hispanics only at screening. Bias was much lower at baseline than at screening. It is important to note that the large reduction in bias between screening and baseline is attributable, at least in part, to regression to the mean, because only those participants with more than 36 percent of energy from fat on the FFQ at screening continued in the study. At 6 months' follow-up, bias was slightly lower overall, and within racial/ethnic subgroups there were no differences between intervention participants and controls. Table 7 gives results on bias by years of education. There were no consistent trends in bias across education groups. At screening, bias was significantly lower among women with less than 12 years of education than among all others combined. At 6 months, among controls, bias was significantly larger among women with 12 or fewer years of education.
DISCUSSION
The overall purpose of the analyses presented here was to address whether an FFQ developed for evaluating a low-fat dietary intervention could be used in a multiethnic and socioeconomically diverse study sample. This is an important question, because FFQs offer two major practical advantages over 4-day food records: FFQs take approximately 30 minutes to complete, compared with at least 2 hours of training, record-keeping, and professional review for food records; and an FFQ costs approximately $3.00 to produce, optically scan, and analyze, compared with a minimum of $160 to administer, review, and analyze a food record. We note that the types of information available from these instruments differ. The FFQ captures general, long-term dietary patterns, while the food record captures in great detail specific types, preparation methods, and portion sizes of foods consumed over a short time period. In the context of a randomized, clinical dietary intervention trial, the primary purpose of dietary assessment is to evaluate the delivery and effect of the intervention. Our principal concerns in these analyses were to address whether, in comparison with white or well-educated women, the FSMP FFQ would be less valid or reliable and more biased among minority or poorly educated women. We anticipated that the FFQ might not work well among black or Hispanic women, because the instrument might not be sensitive to cultural differences in food selection and preparation. We anticipated that the FFQ might not work well among poorly educated women, primarily because of low literacy and lack of familiarity with complex questionnaires.
A recent review by Coates and Monteilh (14) describes research that has addressed the use of FFQs in minority populations. Previous research has been quite limited; we cite here four reports that are particularly relevant. Larkin et al. (15) examined correlations of an FFQ with 4-day food records in a sample that included four groups of approximately 50 black and white men and women. There was some suggestion that the FFQ was less valid (for energy and fat) among blacks, but the differences were most striking for men compared with women. Liu et al. (16) examined correlations among responses to an interviewer-administered, 300-item diet history with multiple 24-hour recalls in a sample of four groups of approximately 30 black and white men and women. They found lower reliability and validity for macronutrients in blacks, and no differences by level of education. Coates et al. (17) , on the basis of studies carried out in five cities among different population groups with a variety of "gold standard" measures, examined the validity of the 13-item telephone-administered questionnaire used to assess fat intake in the Behavioral Risk Factor Survey. While this report found no differences in validity when comparing blacks with whites, in one sample of mostly Hispanic women the correlation between the fat questionnaire and diet recalls was -0.02. Finally, Block and colleagues (18) evaluated the validity of two FFQs designed for use among participants in the Special Supplemental Food Program for Women, Infants, and Children (WIC). This study examined correlations between FFQs and three 24-hour dietary recalls in three groups of approximately 75 black, Hispanic, and white women. Correlations for nutrients were highest in whites, somewhat lower in blacks, and very low (in most cases, statistically not different from zero) among Hispanics. Overall, there is modest support in the literature for lower validity of FFQs when used in black samples, and there is consistent evidence based on two studies for lower validity among Hispanics.
We found evidence that the FFQ and/or the food record was not as valid a measure of the principal study outcome, percentage of energy derived from fat, Am J Epidemiol Vol. 146, No. 10, 1997 among blacks as among whites. Correlations between FFQs and food records in black women were significantly smaller both at screening, before participants had received any instruction in keeping a diet record, and at baseline, after participants had been trained and had completed a food record. In contrast, comparisons of Hispanics with whites showed only small, nonsignificantly lower validity among Hispanics at screening and no difference at baseline.
We also found evidence that the validity of the FFQ changed over time; and, most importantly, increases in validity between baseline and 6 months tended to be larger in intervention women than in control participants. The interpretation of these changes in validity is complex. There was probably a training effect, such that after repeated administration of food records and FFQs participants could more accurately record their diets on both instruments. The larger increase among intervention women could have many explanations. Intervention women received intensive nutrition education and training. It is also likely that intervention participants adopted a more uniform, low-fat dietary pattern, minimizing some cultural differences in eating patterns. The intervention also increased the variance in fat intake, and this would result in larger correlations between FFQs and food records. More research is needed to examine how dietary intervention, training, and repeat administration affect the quality of FFQ and food record results.
There was little evidence that the FFQ or food record was less reliable among black women than among white women. Test-retest reliability for percentage of energy from fat on the FFQ was slightly lower among blacks, but there was no similar trend on the food record. There was no evidence that reliability among Hispanic women differed from that in whites.
There was consistent and strong evidence that a low educational level was associated with poor vahdity of FFQ and/or food record measures of percentage of energy derived from fat. At baseline, the correlation between the FFQ and the food record among those with less than a high school education was only 0.19, and although correlations were higher at the 6-month follow-up visit, they remained lower than those for better educated women. While there is some support for a training effect by the time of the 6-month follow-up visit, the trend of increasing validity with increased education suggests that poor education is a barrier to accurate completion of the FFQ, the food record, or both. There was little evidence, however, that reliability was affected by poor education. Reliability for both the FFQ and the food record was lower among women with a high school education than among other groups, but there was no ordered trend across education groups.
The FSMP FFQ consistently overestimated percentage of energy derived from fat in comparison with the food record. FFQ estimates were 4.6 percentage points higher at baseline and 3.3 percentage points higher at 6 months, and at all time points bias was significantly lower among blacks. These results are somewhat larger than the bias found in the Women's Health Trial Vanguard Study, where FFQ estimates of percentage of energy obtained from fat were approximately 2 percentage points higher than those on the food record (3) .
There are at least three interpretations of the higher FFQ estimates of percentage of energy derived from fat First, participants probably change their diets while they are keeping food records, such that the 4 days are not representative of the usual diet. However, at the 6-month follow-up visit, bias among intervention women was similar in magnitude to the bias seen in controls, so this bias was not differential by treatment group. Second, although the FFQ was designed to be sensitive to low-fat eating patterns, it could not include all of the details about food choice and preparation that are captured in a food record. Thus, if participants were using fat-modified products or special food preparation techniques not captured on the FFQ, this information would be incorporated into the food record analysis only. Again, the lack of differential bias between the intervention and control groups suggests that this may not strongly affect the FFQ, because we would expect to see a larger overestimate of fat intake among intervention participants who were trained to use low-fat foods and cooking techniques. Finally, the observed bias may simply be bias in differences of calibration of the two instruments with true (unobserved) values. The smaller bias among blacks may be due to less reactivity when keeping food records or less use of fat-modified foods or preparation techniques not well captured on the FFQ. The results of the FSMP differed only slightly according to whether one used the FFQ or the food record to measure the intervention effect. Overall, the 6-month intervention effect (the mean change in percentage of energy from fat among the intervention women minus the mean change among controls) was 11.0 for the FFQ and 9.7 for the food record. By race/ethnicity, these figures (FFQ vs. food record) were 10.8 versus 9.5, 5.7 versus 7.2, and 11.9 versus 10.3 among blacks, Hispanics, and whites, respectively. These results suggest that the FFQ yielded estimates of dietary change that were similar to those obtained from the food record.
Am J Epidemiol Vol. 146, No. 10, 1997 Results for nutrients other than percentage of energy obtained from fat are not simple to summarize. Interested readers should examine tables 2-5. (More extensive tables are available from the authors.) There were statistically significant contrasts across racial/ethnic and educational groups for measures of saturated fat which were consistent with those for total fat. Other significant contrasts appeared to be sporadic and did not point in consistent directions. Given the large number of nutrient intake measures derived from dietary assessment instruments, it is unlikely that any conclusions regarding FFQ characteristics for all nutrients will be possible. We recommend that scientists consider those nutrient measures of most interest for their research and evaluate their dietary tool accordingly.
Compared with previous reports on the measurement characteristics of dietary assessment tools when used in minority populations, there were many strengths in the analyses presented here. Most importantly, identical instruments were tested in a large and diverse population sample, allowing meaningful comparisons of validity and reliability across racial/ethnic and educational groups. Most earlier studies examined instruments in one racial or ethnic group alone, or sample sizes in stratified analyses were too small to support meaningful statistical contrasts. One drawback of this and all similar studies is that the "gold standard" used for dietary assessment, usually a food record or multiple 24-hour recalls, may be biased or inappropriate in minority and poorly educated women in the same (or a similar) way as the FFQ. Four-day food records, in particular, may be problematic in some groups (14) . Recently published results from the Women's Intervention Nutrition Study (19) suggest that 24-hour recalls may be less biased measures of diet when used to evaluate intervention trials. Future intervention studies should address this issue in greater detail.
We conclude that the FFQ was less valid in blacks than in whites and mat validity was higher among participants with more education. These results suggest that special efforts are needed when using dietary assessment tools in participants with low educational levels or culturally diverse dietary habits. The instructions printed on the FFQ and the single page of additional instructions provided to FSMP participants may not have constituted enough participant education to yield optimal baseline dietary assessment. Future studies should examine whether additional instruction, perhaps using videotapes or grouped instruction, or careful review of the completed questionnaire by a diet technician in conjunction with the participant could improve the validity of FFQs.
